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It has been shown by many investigators that several body
fluids can be considered as the products of a process of ultrafiltra-
tion from blood plasma. This conclusion has been reached by
studying the concentration of various diffusible ions in blood
plasma and the body fluid in question and determining if the
concentration differences found can be accounted for by the
Donnan membrane equilibrium, a form of osmotic pressure rela-
tionship. As a typical example Duke-Elder (1, 2) analyzed the
aqueous humor of the horse for various ions and compared these
values with the same ions in serum. Thus Na in aqueous humor
is 121 mg./liter and Cl is 123 mg./l. In serum the concentration
of Na is 146 mg./1., while Cl is 103 mg./l. If these values are
Na CIa 146substituted in the Donnan equation = , we have =
123
or 1.205 = 1.195; we find both sider approximately satisfied.
The fact that this equation is approximately satisfied suggests
strongly that aqueous humor is a dialysate from the capillaries
surrounding the eye and not a secretion as had been supposed.
Likewise, Hastings and co-workers (3) have shown that the
Donnan "r" for the ions HC03, Cl—, and Na+ ions in edema fluid
and plasma satisfy the conditions of the Donnan equilibrium, i.e.,
Cl = .972, HCOr = 964, Na = .937.
In this study it was desired to apply the considerations in-
volved in the Donnan equilibrium to blood and blister fluid. A
blister produced by an irritant such as cantharides is no doubt a
transudate. Its formation takes place because of the increase in
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permeability to proteins of the capillaries of the skin. However,
in this study we wished to determine the distribution of diffusible
ions between plasma and blister fluid to see if a Donnan equilib-
rium could be shown and also to establish a basis for the future
study of pathological skins.
TABLE I
NaP NaBI. Cl ClDISORDER Mg. % Mg. % Z El P
I.
Derm. papil. nigra 8.21 6.46 .78 340.1334.2 .98 410.2405.6 .989
Derm. herpet. axilla groin
(natural blister) 7.76 6.61 .85 336.2332.1 .988400.2413.7 .973
Hydroae8tivae 8.91 2.98 .335332.1315.6 .95 399.7387.8 .97
Derm. herp. canth. Bus 7.81 4.33 .55 335.6 325.1 .97 400.7 399.1 .98
Psoriasis 6.82 4.38 .64 340.2333.2 .98 408.2392.1 .96
Sycosis barbae 8.22 5.16 .64 319.7306.9 .96 411.7 392.4 .95
Burn (natural blister) 5.07 3.25 .636308.1292.6 .95 379.2372.6 .98
Cheilitis 7.72 4.79 .621348.2337.1 .958400.7396.8 .99
Pityriasisrosea 8.16 4.98 .61 360.1341.0 .96 367.2356.1 .97
Acne 9.10 5.82 .64 328.4308.8 .94 390.1382.3 .98
Acne 8.27 5.04 .61 336.7319.6 .95 357.2339.0 .95
Acne 7.74 4.87 .625340.2326.4 .96 396.1384.2 .97
Lupus eryth. chronic 8.21 5.17 .63 351.7325.9 .93
Sycosisbarbae 7.46 4.62 .618330.2313.7 .95 347.2333.2 .96
Seborrhoic eczema 7.92 5.46 .69 321.7 308.9 .96 400.1388.2 .97
Acne 7.82 4.78 .61 338.6318.2 .94 390.2372.2 .95
Neuroderm. gen 8.18 4.84 .58 340.1326.6 .96 396.1388.2 .98
Nevus 6.97 4.95 .71 360.7348.8 .95 400.7396.2 .99
Pity. versicolor 9.21 6.45 .70 352.3 327.6 .93 367.2 356.4 .97
Average 63 .96 .97
METHOD
The subjects chosen were devoid of any gross pathology at the
site of the skin where the cantharides plaster was placed. They
were instructed to place a cantharides plaster on the forearm at
about 6 A.M. and to report at the clinic at 3 P.M. At this time
a blister containing on an average of .5—1.0 cc. of fluid had been
formed. The blister fluid was drawn into a syringe, and at the
same time, a 5 cc. sample of blood was taken.
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Proteins were determined on the oxalated plasma and the blister
fluid by the micro method of Yoshimatsu (4). Chlorides were
determined on both fluids by the method of Sendroy (5).
The results are tabulated in table I. These are on the whole
from cantharides blisters, but a few natural blisters are included.
RESULTS
In considering the averages of all experiments it is seen that
the protein content of the blister fluid is not negligible, but about
6 of that of plasma. This indicates that the membrane through
which the filtrate is formed is not impermeable completely to
proteins, and one would expect, a priori, that a Donnan effect,
if found, would be slight since this equilibrium depends on a par-
tial impermeability to one ion. This is realized in considering the
results: sodium to some extent held in the plasma, the ratio being
approximately .96, while chloride is found in a higher concentra-
tion in the blister fluid the ratio being .97. The approximate
identity of these ratios indicate that a Donnan equilibrium is set
up. It is interesting to compare these values with those found by
Ingraham and Visscher (6) on ultrafiltrates of plasma. Here the
protein content of the filtrate is zero and the ratio
=
.95and = .95Na Oh
The higher ratios in our experiments are of course the result of a
greater permeability to protein.
DISCUSSION
It has been found that there is a difference in concentration of
electrolytes between the plasma within the capillaries and the
tissue fluids without (7). In the same way, the concentrations of
eleetroytes in the cerebrospinal fluid (8) filtered through the
choroid plexus, the aqueous humor (9) synovial fluid, pleural and
peritoneal transudates, and the erythrocytes differ from that of
plasma. The differences in concentration of diffusible ions be-
tween the two sides of the capillary wall has been explained by
means of the Donnan equilibrium. In the same way, the results
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of the present experiments show that a Donnan equilibrium exists
between the capillary blood and the blister fluid.
Donnan developed a theory to account for the special type of
equilibrium which results when a membrane separates a solution
of two electrolytes where one solution contains one or more ions
unable to diffuse across the membrane, while all the other ions can
diffuse with ease. In other words, his theory explains the dif-
ference in ionic concentration that exists when an aqueous solution
of electrolytes is separated by a membrane that is readily perme-
able to the solvent and to most of the dissolved substances, but
absolutely impermeable to one or more of the ions contained in
one of the compartments. Let us suppose a membrane permeable
to sodium and chloride ions, but impermeable to the much larger
protein ions. On one side of the membrane exists some protein
as Na R and some sodium chloride, the pH being such that the
protein and base may combine. On the other side at the begin-
ning, there is only water. Diffusion will occur, and although the
membrane is permeable to both sodium and chloride, equilibrium
is not reached by the equalization of the concentrations of these
ions on the two sides. At equilibrium it will be found that the
concentrations of Na and C1 on the two sides will be unequal,
because the proteins are unable to pass through the membrane
and through their electrostatic attraction for the sodium ions
associated with them, they prevent these also from going through.
We thus find that after equilibrium has been established that the
concentration of sodium ions is higher on the protein side and the
concentration of chloride ions is higher on the other.
Now from thermodynamic considerations, it can be calculated
and by actual determination it can be established that at equilib-
rium the product of the concentrations of a given pair of diffusible
ions (in this case sodium and chloride) on one side of the mem-
brane will be the same as the product of the concentrations of the
same ions on the other side of the membrane (Donnan ratio
definition). This difference in concentration of diffusible ions
leads to a difference in electrical potential (electrical pressure in
volts) on opposite sides of the membrane, and it is possible to
calculate what these differences of potential should amount to
with ions of different valency.
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To understand further the movement of fluids and concentra-
tion of ions between the blood and tissue fluids consideration
should be given to the hydrostatic and osmotic pressures. The
substances in true solution in the plasma, such as glucose, inor-
ganic salts, etc., exert little or no effective osmotic pressure within
the capillaries. Their molecules are of such a size that they pass
freely through the "pores" of the membrane. Obviously this
must be so, otherwise essential nutritive materials could not reach
the tissue cells and waste products could not enter the blood
stream to be excreted. It is otherwise with the plasma proteins
which owing to the very large size of their molecules cannot pass
readily through the normal capillary wall. It is true, however,
that the capillary wall is not quite as impermeable to the plasma
colloids as has been thought—they "leak" into the extravascular
spaces—so the osmotic pressure which they exert in the vessel is
somewhat less than the value obtained in the laboratory in which
more impermeable membranes are used. Since the albumin has
the smallest molecule of the three plasma proteins it escapes
through the vessel in greater relative amounts than the globulin
and fibrinogen fractions.
The manner in which these two pressures—osmotic and hydro-
static—act in regulating the interchange of fluids between the
tissues and the capillaries may now be seen. The blood at a cer-
tain point in the capillary has a pressure, let us say, of 30 mm. Hg.
This is a force driving the water and the dissolved crystalloids
through the capillary membrane. But the hydrostatic pressure
of the tissue fluid on the outer side of the membrane offsets, in
part, that within. The pressure of fluid in the tissue spaces is
difficult to determine but it is considerably less than that in the
capillaries. It probably varies considerably in different regions,
being low in those containing much loose areolar tissue.
The osmotic pressure of the plasma, if anything, increases as
the blood passes along the capillary as a result of the passage of
water outwards and the consequent rise in the concentration of
protein. That is, the force holding fluid within the vessel is in-
creased. The hydrostatic pressure, on the other hand, falls
gradually from the arterial to the venous end of the capillary.
Near the arterial end, the blood pressure is greater than the
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osmotic pressure and a filtration of fluid of low protein content
will result. Near the venous end the hydrostatic pressure may
fall below the osmotic pressure and a flow of dilute fluid (water
and salts) from the tissue spaces into the blood will be brought
about. Transudation of a dilute plasma and reabsorption of a
saline fluid respectively, are continually going on in these two
regions of the capillary bed.
The lymph of the peripheral (subcutaneous) lymph vessels and
the fluid of the tissue spaces are closely similar in composition, and
both resemble the blood plasma. They have, however, a protein
content which is much lower than that of the blood fluid-—con-
centrations between 0.5 and 0.7 per cent were found by Drinker
for human leg lymph. The protein of the tissue fluid (and also
of the lymph) is derived from the blood plasma.
In the present observations and in those of Perutz (10) and co-
workers, the amount of protein in the blister fluid is increased
beyond what is found in the tissue fluid. This means that under
the influence of a cantharides plaster the local capillaries permit
increased quantities of protein to pass through their walls. The
same obtains at the site of the blister in dermatitis herpetiformis
and other spontaneous bullous disorders, as well as at blisters due
to exogenous causes.
When the tissue fluid outside of the capillary walls contains
more protein, its osmotic pressure increases and draws to itself
water. The blood fluid within the capillary by the same token
is losing protein and this results in a loss of part of its osmotic
pressure and some of its hold on its water. As a consequence
water streams through the capillary wall and appears in the tissue
fluid. This often appears clinically as an edema, but where
planes of tissue (as at the pleural space) allow themselves to be
separated, a depot of fluid forms. Such a state is obtainable at
the epidermal-dermal junction or above it in the epidermis.
The consequences of the increased passage of protein through
the capillaries at blister sites beyond the small quantity otherwise
present in the tissue spaces is to rearrange the values of the Don-
nan equilibrium. The freely diffusible ions outside and inside
the capillaries tend to approach one another's pattern. It may
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be said, therefore, that the looser the Donnan equilibrium condi-
tions are—that is, the more permeable the impermeable factor
becomes, the more fluid appears outside the capillaries and the
more this outside fluid comes to resemble that inside.
Clinically, the expression of greater and still greater perme-
ability to capillary proteins is larger and still larger blisters.
Indeed, in pemphigus values may be obtained for blister fluid
protein approaching that of blood. The limit to the size of the
blister is among others the force necessary to separate the epider-
mal leaves at the periphery of the lesion, and the larger the
blister, that is the greater the peripheral circle, the larger the force
necessary. Here it may be noted that the pressure applied in the
Nikoiski sign in pemphigus furnishes the necessary force for the
separation of the cutaneous planes after the preparatory changes
of tissue fluid are present.
SUMMARY
1. The levels of protein, sodium, and chloride were determined
in the blood and spontaneous and cantharides blisters.
2. They were found to be in conformity with the Donnan
equilibrium.
3. The Donnan equilibrium theory is described and the al-
terations in its factors necessary to the formation of the blister
are discussed.
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DISCUSSION
Da. STEPHEN ROTHMAN, Chicago: I would like to ask whether it is justified to
talk of Donnan equilibrium if protein molecules are going through the membrane,
as they do in the case of inflammatory blisters. The damaged capillaries have
big holes permitting large molecules to go through. Dr. Cornbleet himself
pointed out the transition to that stage where blister content gives the same
analytic results as blood plasma. Under such conditions it is hard to understand
the difference in ion concentrations in- and outside the membrane. Therefore I
should like to ask whether the differences were constant and significant.
DR. THEODORE CORNBLEET: When a membrane separates two solutions one
containing protein and dissolved salts and the other pure water, diffusion will
take place. If the membrane is completely impermeable to the protein but
freely permeable to the ions of the salt, the distribution of the various ions is
explained on the basis of the Donnan equilibrium. On the other hand, if the
membrane is freely permeable to the protein as well as the salt then at equilibrium,
the concentration of the salt ions will be the same on both sides of the membrane.
This represents the two extremes as far as permeability of the membrane is con-
cerned. In a complex colloidal solution as plasma, the protein complexes exist
in various states of aggregation, some small and some large. Thus a biological
membrane may be permeable to some of the smaller aggregates but impermeable
to the larger ones. Under these conditions after equilibrium, we could still
expect an unequal distribution of the diffusible ions on both sides of the mem-
brane. The magnitude of the unequality of distribution will lie intermediately
between the two extremes described above. These contentions have been ade-
quately demonstrated in all investigations of biological fluids which are formed
by a process of simple filtration or diffusion. In all cases, the fluid concerned
contains varying amounts of protein but in all cases an unequality in concentra-
tion of the diffusible ions such as Na and Cl exist between this fluid and plasma.
The case presented here then represents an inequality of distribution of dif-
fusible ions brought about by the same conditions that are responsible for the
Donnan equilibrium. In this case maximum differences between the two sides
are not obtained because of partial permeability of the membrane to protein.
